INTRODUCTION Background
Chronic-disease outcomes improve when the healthcare delivery system provides care that is safe, patient-centred, evidencebased, efficient, timely and equitable. 1 Improved outcomes are dependent on care providers who understand what is known about the pathophysiology and management of disease and have tools that help them be prepared to deliver the care that each patient needs when they need it. Chronic-disease outcomes also improve when patients and families are educated, informed and activated, thereby understanding the basic principles of disease, developing skills to minimise the impact of disease on health, and engaging in ongoing care practices that are productive and evidence-based. 2 Cystic fibrosis (CF) is a life-shortening genetic disease with an incidence of approximately 1/3500 births in the USA. Of the over 70 000 patients with CF that have been identified worldwide, approximately 30 000 of those are in the USA. For over 40 years, the Cystic Fibrosis Foundation has compiled data regarding patients who receive care in CF centres across the country. The median predicted age of survival for children with CF was less than 32 years in 2000 and increased to greater than 38 years in 2012. There also has been an overall improvement in lung function and nutritional outcomes at the national level, as evidenced by registry data. Since 2000, there have been significant advances in therapy including antiinflammatory agents and inhaled antibiotics, and early recognition of CF through newborn screening has become a national standard.
Setting and local problem
Cincinnati Children's Hospital Medical Center (CCHMC) is a tertiary care pediatric hospital with a CF centre that currently cares for 250 patients with CF, 0-21 years of age. In the period between 2001 and 2010, our centre provided care to 394 individual patients.
Prior to 2000, the CF-care team at CCHMC had a strong existing commitment to deliver the best possible care and had partnered with the institution's Office of Clinical Effectiveness. However, availability of measurable outcomes was limited. Therefore, our emphasis primarily was on patient and family satisfaction. In 2000, the Cystic Fibrosis Foundation released key outcomes data from the National Patient Registry for the first time to each centre privately that allowed the centres to see how they compared with the de-identified outcomes of all other US CF centres. Although this initial data was limited and not publically transparent, for the first time it provided us a way to assess our performance and represented an important step in the evolution of quality improvement (QI) in CF care in the USA.
At the same time, the emphasis on QI at CCHMC was growing rapidly, with a charge given to directors of clinical divisions and services to develop new and innovative ways to improve outcomes. When senior CCHMC leadership applied for a Robert Wood Johnson Foundation grant, 'Pursuing Perfection: Raising the Bar for Health Care Performance', the CF-care team was invited to participate as the institution's pilot team for chronic care. This opportunity was foundational in providing us with guidance in improvement methods, as well as structure, accountability and urgency for our improvement effort, all of which accelerated the improvement in care processes and outcomes.
When the performance data for CCHMC was reviewed, it was revealed that the representative pulmonary and nutritional outcomes for our patients were below average when compared with all other US centres. Initially, the reports from the National Patient Registry were limited, with little detail to help identify specific opportunities to improve the desired outcomes. Other challenges included identifying other centres to learn from and sharing performance data with patients and families in a way that engaged them in the improvement process.
Supported by hospital leadership, we committed to CCHMC's mission to "deliver demonstrably superior patient outcomes and experiences, and discover and apply better ways to improve the health of children." Operationally, this translated into improving our access and use of data, identifying key components of CF care that drive the desired outcomes, and engaging all of the partners in CF care-especially patients and families-to design and implement effective changes toward improving CF outcomes.
INTERVENTIONS Ethical issues
All clinical interventions were improvement projects, intended to close a gap in our care-delivery system. We used evidence-based care with assumed direct patient benefit and not requiring informed consent. At the time, Institutional Review Board approval was not required or even generally considered for QI work. Additionally, processes improvement was being addressed that did not involve individual patient information. However, patient privacy was a priority and was maintained throughout the development and implementation of the interventions.
Planning the interventions
Care providers and hospital leadership met in the summer of 2001 for a 'Visioning Session' during which we envisioned perfect care and decided on some key areas for improvement. These discussions were initially guided by Wagner's 'Chronic Care Model' of disease, 2 to ensure that all aspects of chronic-disease management were addressed.
Incorporating patients and families
In-depth discussions occurred regarding the extent to which we wanted patients and families involved. Primarily, the team was concerned about 'airing our dirty laundry' and worried that once families heard about our less-than-average outcomes they would lose trust in their care providers and might choose to seek care at another CF centre. Another concern was that incorporating families into the care team might foster a forum for complaints that would distract from the improvement goals. The team debated having families serve as advisors by evaluating projects/processes designed by the care team versus having families at the decision table. Ultimately, it was agreed that families were to be partners with the CF-care team and serve on committees as equals, which was quite a novel idea at the time.
Several family members who we thought would be interested in improving care processes received letters explaining that there would be an interview process for selection of participating families. Those expressing interest were interviewed, and the candidates Supplement were reviewed. Thirteen family members ultimately joined the care team, with diversity being an important selection criterion. Family members included were a patient, mothers, fathers and grandparents, and encompassed caregivers for a variety of ages of patients. There also was a variety of disease severity represented, from new diagnosis to a parent of a child who had died of CF.
Continuous review of progress
Subsequently, a second visioning session was held with the families, where they envisioned perfect CF care. Priorities for improvement work were set, based on results from the visioning session that included families rather than the initial visioning session. All agreed that the priorities of the families needed to be the initial focus of our work. Task forces and projects were created and assigned to groups, with team members on each project that had specific interests in that project. Multiple ideas were brought to the table; some were abandoned, a few were attempted and failed, and several flourished. Each project group included at least one family member representative. Family members were trained by specialists from the Indiana Support Network and Family Voices, using Institute for Family-Centered Care principles, and trained in communication and collaboration with healthcare professionals.
Learning from other centres
In 2002, the Cystic Fibrosis Foundation shared the names of the top five best-performing CF centres, and our CF centre met with the top-ranked centres during the North American Cystic Fibrosis Conference to learn about initiatives that they had developed and implemented, thus sparking further interventions at our institution.
In the spring of 2003, key team members from our Improvement Team, including a parent, visited a topperforming centre to learn about and analyse their improvement system and initiatives, which helped our team revise planned interventions based on what did or did not work well at that centre. Almost equally important, this site visit set into motion a cultural change that began with the motivation of our careteam members to try to make our centre one of the best in the nation.
Major aims of our interventions
After the planning phase was completed, we developed a set of promises related to providing patients with the best CF care possible (figure 1), and these promises became the backbone of the interventions. In general, the major aims of our endeavours included improving lung function and nutritional health outcomes for our patients by improving data collection and utilisation, standardising and redesigning care processes, and implementing cultural change. As new processes became standard of care, efforts were made to sustain existing projects and develop new ones. Patients and their families were updated periodically on our progress with a newsletter and an evening lecture series
Specific interventions
By assessing our local CF-care practices and benchmarking our practices with top-performing CF centres around the country, we used what we learned in our visioning sessions and site visits to initiate QI interventions (figure 2) designed to improve outcomes using Plan-Do-Study-Act cycles to continually evaluate the processes.
Collecting and using data more effectively Although below-average data sparked our initiatives, it was clear that we had to use data to our advantage. Our CF centre completely revamped our local datamanagement support to provide us with real-time, trended clinical data in the form of run charts to guide interventions and monitor improvement progress.
In 2002, we changed our weekly chart conference from a retrospective review of the last week of patients, to a prospective clinic-preparation meeting. Viewing lung function and nutritional data across multiple years allowed the care-team members to develop a specific data-driven action plan for each patient coming into clinic. Although centre-level data was available annually from the Cystic Fibrosis Foundation, the team wanted real-time access to our outcomes and hired an application specialist to develop an online system called PulmonaryLink for internal data reporting and sharing. This intranet allowed the entire team to view monthly population-level data, as well as individual patient-level data (eventually stratified by risk factors in 2010) to drive QI activities and interventions. PulmonaryLink also facilitated active management of adherence to CF guidelines for care, screening and prevention by tracking which patients were due for routine office visits, pulmonary function tests and bacterial cultures. 
Individualised schedules
In 2003, as a direct result of discussions at the family visioning sessions, individualised daily schedules were created for inpatient adolescents. Data on airwayclearance treatments, physical-therapy attendance and school attendance were collected. Patients who used the schedule were more likely to report that their care was often or always delivered exactly as they expected and felt that they were involved in care decisions as much as they wanted to be. When assessed, 87% of patients said using the individualised schedule made their stay a little or much better compared with past hospitalisations. 3 This practice remains in place as of 2013.
Improving vaccination rates
In 2003, an Influenza Vaccination Initiative was developed and implemented. The campaign included preplanning visits, education and reminders to families, standardised order sets, and timely data tracking. There also was follow-up in place for those nonresponsive to our initial contact. Within 14 weeks, near-perfect vaccination rates were achieved at our centre (data presented at the 2004 North American Cystic Fibrosis Conference, Meeks), and these practices remain in place with continued near-perfect vaccination rates each year.
Infection control
In 2003, we redesigned our infection-control practices to decrease patient-to-patient spread of infections. Initiatives were focused on inpatient and outpatient care settings. Families, care providers and staff were educated on up-to-date infection-control practices guided by the Cystic Fibrosis Foundation, which eventually became routine. Inpatient adolescents, for a time, became 'infection control police', and they recorded how well every care provider, from physician to surgeon to nurse to housekeeper, followed the infection-control guidelines. Provider awareness of this monitoring seemed to contribute to improved adherence.
Airway clearance
In 2005, we used QI methodology to develop a series of multidisciplinary interventions to improve adherence of best-practice airway clearance therapy (ACT) in inpatient adolescents during routine clinical care. After the interventions, quality of ACT significantly improved from 21% best-practice ACT at baseline to 73% postintervention. Quantity of ACT also significantly improved, from 41% of days with ACT four times per day at baseline to 64% after 24 months. 4 We continued to collect data for an additional 12 months and concluded that the interventions were sustainable.
Standardisation of care
In 2007, evidence-based prescribing algorithms were designed to reflect consensus recommendations from the Cystic Fibrosis Foundation. Clinicians and families were educated about the guidelines, and co-leaders of this QI work met with each provider (doctor and nurse team) to review their prescribing data. Care providers often were surprised by the number of missed prescribing opportunities. Over time, we tracked adherence to prescribing practices based on the guidelines using our revamped and fully functioning database. Adherence successes and failures were highlighted at weekly team meetings to promote clinician accountability. At the start of the project, the rate of clinician adherence to prescribing guidelines was 62%, which quickly improved to 87% after just 3 months. 5 We continued to monitor prescribing guideline adherence for 21 months and found it to be sustained. In 2007, in order to facilitate an effective and equitable care model, a second registered dietician was added to the team and a role was created for an airway-clearance specialist that also was hired to join the team. In 2008, we embedded a team member whose sole responsibility was to QI and outcomes, which was an innovative concept at the time. The addition and sustainment of these members to the care team was vital to the overall success of our QI initiatives.
Unsuccessful interventions
It is important to note that there also were attempted interventions that were not successful. Early on, in an attempt to revamp our chart conference, we instituted previsit surveys mailed to families to aid in the preparation of their upcoming visit. The response to the surveys was minimal, and the project was eventually discontinued. We also attempted to initiate home spirometry testing to give us more objective data about our patients between clinic visits. However, at the time, options for home equipment were expensive for most families and unreliable.
OUTCOMES From 2000 to 2010, lung function and nutritional health outcomes for patients with CF at CCHMC dramatically improved. Lung function outcomes, as measured by median forced expiratory volume in 1 s (FEV 1 ) per cent predicted, were determined for patients aged 6-17 years (between 95 and 118 individual patients per year) (table 1). FEV 1 improved from 81.7% to 100.1% predicted, an absolute improvement of 18.4% predicted. Notably, our lungfunction outcome in 2010 was well above the national average and within three percentage points of the 10 best-performing CF centres in the country (figure 3A, Source: K Petren, Cystic Fibrosis Foundation National Patient Registry).
Nutritional health outcomes, as measured by median body mass index (BMI) percentile, were recorded for patients aged 2-20 years (between 163 and 182 individual patients per year) (table 1). BMI improved from the 35th centile in 2000 to the 55th centile in 2010, a 1.7-fold improvement. This ranked us significantly higher than the national average of CF centres (figure 3B, Source: K Petren, Cystic Fibrosis Foundation National Patient Registry); more importantly, our outcomes were above the 50th centile benchmark designated by the Cystic Fibrosis Foundation as the minimum acceptable BMI for patients with CF.
It is notable to recognise that although health outcomes measurements for patients with CF across the nation were improving between 2000 and 2010, outcomes at CCHMC that had started far below the national average in 2000 had approached the top 10 centres by 2010.
DISCUSSION Summary
By focusing on important clinical outcomes, effectively using data, empowering families and patients, and standardising care processes, we transformed the culture and delivery of care for patients with CF at CCHMC to improve lung and nutritional outcomes and also to become a national leader in QI.
Relation to other evidence
The CF QI journey at CCHMC did not begin in a vacuum. As identified by Kaplan and colleagues in a 2010 review, 6 essential ingredients predictive of success in healthcare QI were present or developing at CCHMC in 2001, including support from hospital leadership, data infrastructure, clinician involvement in QI projects and hospital culture.
Over the past 15 years, QI literature has concluded that data and process analysis impact quality performance and hospital leadership has the strongest influence on information systems and analysis, and that these impact organisational improvement. 7 In addition, local clinician leadership and collaborative involvement are a predictor of implementation success. 8 A 2003 randomised controlled trial by Berner and colleagues found that having a physician leader involved in a QI programme improves adherence to the recommended interventions. 9 Many studies of organisational culture and QI success have determined that creativity, risk taking, stability, attention to detail and collectivism are positively correlated with QI success.
The CF centre at CCHMC was fortunate to have many of the organisational elements essential to QI success, namely effective communication from senior leadership, direct involvement of senior leadership in QI efforts, leadership supportive of implementing formal QI instruction, and an organisational culture ready to embrace change.
Conclusions
We instituted a continuous QI programme across our CF centre over a decade. CCHMC is a unique clinical environment where QI is now an embedded part of the clinical culture. The transformation of our CF centre was supported by hospital leadership at multiple levels, and initially was funded by an external grant. After initial grant funding, our efforts were sustained by hospital and divisional financial support. When faced with suboptimal outcomes, our patients and families remained invested and collaborated with our staff to improve our CF centre. We dedicated resources to data management support, ensuring access to up-to-date trended data to guide our QI interventions.
National Patient Registry benchmark outcomes of FEV 1 per cent predicted and median BMI percentile improved over the decade at our CF centre. This is a cross-sectional study of centre-level outcomes, not a longitudinal study of individual patient-level outcomes. The ongoing sustainability of our improvements is unknown since inevitably there will be patient and staff turnover from year to year, and therefore we will continue to track improvements over time. It is important to note that QI initiatives remain a strong focus of our CF centre and our hospital as a whole, and we are constantly striving towards our institution's doctrine to 'change the outcome' and improve the health of our patients. QI education became a main priority at CCHMC, to build improvement capability at all levels of leadership. Executive, division-level and care-team leadership engaged in formal, structured courses focused on developing the capability to understand improvement science and apply QI methodologies.
It is difficult to measure a change in care culture, as it is essentially an overall shift in attitude and ideals. From the board of directors to the providers, patients and families, all initiatives and care practices began to focus around one central theme: improving health outcomes by using a family-centred approach. We changed our care model and gave patients and their families a greater say in care decisions, and families became more invested in changing the outcomes, for their child, and for the overall patient population. The number of patients involved in research at our CF centre was minimal in 2000, but by 2010 almost 25% of our patients were involved in research studies.
Before 2000, like other CF centres, our healthcare team was striving to provide good care for our patients with CF, and we presumed that we were doing so. However, with the new data shared by the Cystic Fibrosis Foundation, we realised that our good intentions and hard work were not resulting in health outcomes that were up to the national average. It took courage to face these facts and not make excuses. At the beginning of the decade, we had a vision of what we wanted to achieve at our centre, though did not yet know what means were necessary to reach our goal.
During our decade of improvement, we learned several valuable lessons (figure 4). It is important to note that these experiences are not necessarily specific to CF and likely can be translated to other chronic diseases. For example, our influenza vaccination campaign was so quickly successful that it was translated to other at-risk populations with similar improvements in vaccination rates. 10 It is significant to point out that CF health outcomes were, and are, continuing to improve at a national level. With the advent of new therapies and improvement of older therapies, patients are doing better than they had in past years. Another potential influence on our centre over the decade was the implementation of the newborn CF screening programme that started in 2006 in Ohio. Early recognition and treatment of CF may have contributed to our outcomes.
Throughout the process, there were barriers that had to be overcome for the improvement process to succeed. Initially, we encountered some team members, including those in leadership positions, who did not appreciate the value of QI work. However, sharing the data in a transparent manner helped to bring everyone on board. In addition, we sometimes overextended our resources, initiating too many QI projects at once and underscoring the importance of having team members with dedicated time for QI work. Having patients and families involved maintained motivation of the care team. Finally, it was important to celebrate achievements throughout the process to sustain morale and enthusiasm.
Our QI initiatives were effective at improving the health outcomes of patients at our CF centre and contributed to the reputation that CCHMC has as a national leader in QI. Data transparency, parent and family involvement, data-driven initiatives, and a motivated local QI team were essential features of our QI programme. QI methodology is effective for improving healthcare delivery, and changing our healthcare delivery system quickly improved our CF outcomes and transformed our culture of patient care.
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